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CHIP REMOVAL METHOD AND CHIP REMOVAL AIR BLOW NOZZLE 
BACKGROUND OF THE INVENTION 

Field of the Invention 

5 The present invention relates to a chip removal method and a chip removal air 

blow nozzle that are used to remove chips and cutting water and the like that remain 
adhering to a bag-shaped machined hole that is formed in a work piece. 

Priority is claimed on Japanese Patent Application No. 2003-207865, filed 
August 19, 2003, the contents of which are incorporated herein by reference. 

10 

Description of Related Art 

Conventionally, as is shown in FIG. 7, in order to remove chips k that are left 
behind in a machined hole 4 5 in a work piece 3', a technology is employed in which air is 
blown out from an air blow nozzle 1 ' and the uplifted chips K and the like are suctioned 

15 so as to be removed from the machined hole 4 5 (Patent Document 1 : Japanese 

Unexamined Patent Application, First Publication No. H09-85573, and Patent Document 
2: Japanese Utility Model Application, First Publication (JP-U) No. H05-16078). 

However, in this conventional technology, when the chips K and the like 
remaining in the machined hole 4' are lifted upwards by blowing air out from the air 

20 blow nozzle 1 problems occur such as the air flow rate being insufficient, or such as it 
not being possible to discharge the chips K smoothly to the outside due to the blowing 
force of the air forcing the chips K and the like in a direction pushing them into the 
machined hole 4\ 

In particular, if the machined hole 4' is a threaded hole, chips K can easily be 
25 caught on the thread ridges. For this reason, it is necessary to perform tasks such as 



2 

confirming whether or not the chips K have been properly removed, so that the number 
of processing steps increases. 

Therefore, this invention provides a chip removal method and a chip removal air 
blow nozzle that make it possible to reliably and easily remove chips and the like. 

5 

SUMMARY OF THE INVENTION 
The present invention is a chip removal method that removes residue such as 
chips that have remained in and adhered to an interior of a bag-shaped machined hole in 
a work piece, wherein after air is jetted out and blown against a bottom portion of the 

10 machined hole by using an air blow nozzle to change a flow of air that is circulating 

inside a nozzle into a spiral flow that moves in a direction towards the bottom portion of 
the machined hole, this spiral flow then blows upwards like a tornado from a vicinity of 
the bottom portion of the machined hole in a direction towards an aperture portion of the 
machined hole so that the residue inside the machined hole is uplifted by the spiral flow 

1 5 and removed. 

By employing this type of structure, because chips and the like that are adhered 
to the interior of a machined hole are uplifted while tracking a spiral trajectory by a spiral 
flow that is blown up like a tornado from the vicinity of a bottom portion of the 
machined hole towards an aperture portion of the machined hole , and is removed 

20 through the aperture portion of the machined hole to the outside, even if the flow rate is 
not particularly fast, the chips and the like are not pushed against the bottom portion of 
the machined hole and the effect is obtained that the chips and the like can be smoothly 
removed both reliably and easily. 

In addition, the present invention is a chip removal air blow nozzle that removes 

25 residue such as chips that have remained in and adhered to an interior of a bag-shaped 
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machined hole in a work piece and includes: a nozzle distal end portion that is inserted 
into the machined hole; and a spiral flow creating portion that is provided in the nozzle 
distal end portion and changes a flow of air that is circulating inside the nozzle into a 
spiral flow. 

5 By employing this type of structure, if air is blown with the distal end portion of 

the air blow nozzle inserted into a machined hole, a spiral flow is generated in a spiral 
flow creating portion of the nozzle distal end portion. After this spiral flow is blown 
against the bottom portion of the machined hole, it flows in a spiral towards the aperture 
portion of the machined hole through a space between the nozzle distal end portion and 

1 0 the machined hole, and chips and cutting water and the like that have remained in and 
adhered to the interior of the machined hole can be uplifted and removed to the outside. 
As a result, even if the flow rate is not particularly fast, the chips and the like are not 
pushed against the bottom portion of the machined hole and can be smoothly removed 
both reliably and easily. 

15 In the present invention, it is also possible for the spiral flow creating section to 

have a plurality of guide pieces that are formed at the distal end portion of the nozzle and 
are twisted into a screw shape. 

By employing this type of structure, because the blown air is turned by the 
respective guide pieces and a spiral flow can be reliably created, the effect is obtained 

20 that a highly reliable spiral flow creating portion can be formed using a simple structure. 

In the present invention, it is also possible when the machined hole is a female 
threaded hole for the spiral flow to turn in a direction in which the thread is loosened. 

By employing this type of structure, because the spiral flow that flows between 
the machined hole and the outer circumference of the nozzle distal end portion flows 

25 smoothly towards the aperture portion of the machined hole in a regulated state while 



being guided by the grooves of the thread, chips and the like do not get caught on the 
thread ridges as is the case when air flows directly towards the aperture portion of a 
female threaded hole, and the effect is obtained that the chips and the like are uplifted 
efficiently with little loss together with the spiral flow along the thread grooves and are 
removed. 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG 1 is a schematic perspective view of a chip removal apparatus according to 

an embodiment of this invention. 

FIG 2 is a cross-sectional view of an air gun according to an embodiment of the 

invention. 

FIG 3 is a partial cross-sectional view showing a working situation of FIG. 2. 

FIG 4 is a plan view of a nozzle distal end portion of an air blow nozzle 
according to an embodiment of this invention. 

FIG 5 is a frontal view of a nozzle distal end portion of an air blow nozzle 
according to an embodiment of this invention. 

FIG 6 is an explanatory cross-sectional view showing a state in which residue is 
removed according to an embodiment of this invention. 

FIG 7 is an explanatory cross-sectional view corresponding to FIG 6 of the 
conventional technology. 



DETAILED DESCRIPTION OF THE INVENTION 
Preferred embodiments of the present invention are described below with 
reference made to the drawings. It should be understood, however, that these are 
exemplary of the invention and are not to be considered as limiting. For example, the 
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respective component elements of these embodiments can be modified as is appropriate. 

FIG. 1 is a perspective view schematically showing a chip removal apparatus 2 
that uses an air blow nozzle 1 of an embodiment of this invention. 

In FIG. 1 , the chip removal apparatus 2 is installed on a production line or the 
5 like, and removes residue Z such as chips or cutting water (referred to below simply as 
residue Z) that remain adhering to the inside of the machined hole 4 by blowing air into a 
bag-shaped machined hole 4 in a work piece 3 such as, for example, a cylinder block or 
cylinder head in which a hole or a threaded hole has been machined by a processing 
machine (not shown). 

10 Specifically, in the chip removal apparatus 2, a first arm 6 is supported on a base 

5 so as to be able to swing freely in a vertical direction and so as to be able to rotate 
freely in a horizontal direction. A second arm 7 is supported so as to be able to swing 
freely on the first arm 6. An air gun 9 is rotatably attached to a third arm 8 that is 
supported so as to be able to swing freely on the second arm 7. 

15 An air supply hose 13 that is used to blow air from an air supply source 12 into 

the machined holes 4 in a work piece 3 that is set in a jig 1 1 is connected to a gun body 
10 of the air gun 9. 

In addition, a recovery air supply hose 14 that is used to draw in the residue Z 
that is blown upwards from the machined holes 4 using an ejector action by blowing air 

20 that is supplied by the air supply hose 13 is connected to the air gun 9. Furthermore, a 
discharge hose 1 6 that discharges the residue Z that has been pushed out by the ejector 
action of the recovery air supply hose 14 by suctioning it using a vacuum apparatus 15 is 
also connected to the air gun 9. Here, a solenoid valve 17 that opens and closes the air 
supply hose 13 is provided on the air supply hose 13. Note that the air that is fed to the 

25 recovery air supply hose 14 is also supplied from the air supply source 12. 
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As is shown in FIGS. 2 and 3, a bracket 20 that is provided with a mounting seat 
19 that is attached by a bolt 1 8 to the third arm 8 is provided above the gun body 10 of 
the air gun 9. An air supply block 22 to which is connected a nipple 21 of the air supply 
hose 1 3 is attached by a bolt 23 to the bracket 20. An air supply passage 25 is formed 
5 inside the air supply block 22. The air supply passage 25 is provided with a supply port 
24 at an upper portion thereof, and is bent at the inside of the air supply block 22 so as to 
extend toward downwards. The air supply passage 25 opens in a bottom surface of the 
air supply block 22 to form a discharge aperture 26. 

A main block 27 is attached by a bolt 28 and via a positioning pin 29 to the 

10 bottom surface of the air supply block 22. The main block 27 is provided with an air 
supply port 30 that is connected to the discharge aperture 26 of the air supply block 22. 
Here, an O-ring 32 that is a sealing member that surrounds the air supply port 30 is 
mounted on a top portion joining face 31 of the main block 27 where the main block 27 
joins with the air supply block 22. 

15 A base portion la of the air blow nozzle 1 is attached to the air supply port 30 of 

the main block 27 so as to face the supply portion 30. A distal end portion of the air 
blow nozzle 1 extends downwards from a bottom surface of the main block 27. A 
suction passage 35 that is open at a side portion connecting hole 33 and a bottom surface 
aperture portion 34 is provided in the main block 27. A bottom portion of this suction 

20 passage 35 is formed so as to surround the air blow nozzle 1 . 

An ejector member 36 is installed in the side portion connecting hole 33 of the 
suction passage 35 in the main block 27. This ejector member 36 is connected to the 
discharge hose 16 and is installed in an inner wall of the suction passage 35 via an O-ring 
37. The ejector member 36 is a cylindrically shaped member and generates negative 

25 pressure in an ejector chamber 40 by blowing air from a plurality of jet holes 39 that are 
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formed via a toroidal groove 38 that is formed inside the ejector member 36 in a center 
portion of the ejector member 36 so as to obliquely approach the discharge hose 16 side. 
The residue Z is suctioned from the aperture portion 34 side of the suction passage 35 by 
this negative pressure. Accordingly, a connecting aperture 41 that communicates with 
5 the toroidal groove 38 is formed in an external wall of the suction passage 35, and a 

nipple 42 of the recovery air supply hose 14 is connected to this connecting aperture 41. 

In addition, a nozzle guide 43 is attached by a bolt 44 to the bottom surface of 
the main block 27. The nozzle guide 34 communicates with the aperture portion 34 of 
the main block 27, and is provided with an outer cylinder 46 that has a mounting flange 

1 0 portion 45 and with an inner cylinder 47 that is located inside the outer cylinder 46. 

The outer cylinder 46 is fixed by fastening the mounting flange portion 45 to the 
bottom surface of the main block 27 using the bolt 44, and the inner cylinder 47 is 
attached so as to be able to protrude freely from the outer cylinder 46 while being 
prevented from coming out of the outer cylinder 46 by an engaging portion 48 that is 

1 5 formed at an inner circumferential edge on a bottom end of the outer cylinder 46 and an 
engaging portion 49 that is formed at an outer circumferential edge on a top end of the 
inner cylinder 47. 

A guide 50 for the air blow nozzle 1 is fitted at a distal end of the inner cylinder 
47, and the air blow nozzle 1 is supported so as to be able to freely come out relative to 

20 the inner cylinder 47 through an insertion hole 51 that is formed in a center portion of the 
guide 50. Note that the guide 50 is provided with an aperture portion. Here, a spring 
52 that urges the inner cylinder 47 in a direction in which it protrudes relative to the outer 
cylinder 46 is attached between the circumferential edge portion of the distal end of the 
outer cylinder 46 and the top end surface of the guide 50. 

25 A cylindrical grounding member 53 that abuts against a circumferential edge of 
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the machined hole 4 in the work piece 3 is attached to the guide 50. Note that this 
grounding member 53 is made from urethane because of its cushioning properties. 

As is shown in FIGS. 4 and 5, in the air blow nozzle 1, a spiral flow creating 
portion 60 that changes the air flow through the interior of the air blow nozzle 1 into a 
5 spiral flow is provided in the nozzle distal end portion lb that is inserted into the 

machined hole 4. This spiral flow creating portion 60 is formed by a plurality of guide 
pieces 61 that are formed at the nozzle distal end portion lb and are twisted in a screw 
shape. 

Specifically, three notch portions 62 are formed at 120° intervals in the nozzle 

10 distal end portion lb. The notch portions 62 are inclined at an angle 9, which is 

between 30° and 45° 5 relative to the axial direction of the air blow nozzle 1, and have a 
length in a range of 4 mm to 6 mm from the nozzle distal end. The portions between 
these notch portions 62 are formed as three guide pieces 61,61, and 61 . As is also 
shown in FIG. 5, these three guide pieces 61,61, and 61 are pushed down so as to be 

15 twisted in a clockwise direction as seen from the distal end side, and are formed so as to 
become narrower towards the tips thereof. 

Accordingly, as is shown in FIG. 4, a substantially triangular aperture portion 63 
is formed at the nozzle distal end as a result of the respective guide pieces 61 being 
twisted towards each other, and a peak portion 64 of each guide piece 61 is made to 

20 overlap a side piece 65 of the adjacent guide piece 61 . As a result, the nozzle distal end 
portion lb is formed so as to become narrower towards the tip thereof. 

According to the above described embodiment, if a work piece 3 in which hole 
machining has been performed in a previous step is transported while being set in a jig 11, 
the chip removal apparatus 1 that has previously undergone a teaching process moves the 

25 air gun 9 above a machined hole 4 using the first arm 6, the second arm 7, and the third 
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arm 8 5 and then inserts the distal end of the air blow nozzle 1 into the machined hole 4 of 
the work piece 3. At this time, if the air gun 9 that has been correctly positioned is 
lowered, the grounding member 53 is first grounded against the perimeter of the 
machined hole 4. Next, the inner cylinder 47 is buried inside the outer cylinder 46 in 

5 resistance to the spring 52 resulting in the air blow nozzle 1 protruding relatively and 
being inserted inside the machined hole 4 (see FIG 3). 

At this time, because the nozzle distal end portion lb of the air blow nozzle 1 is 
formed so as to become narrower at the tip thereof, the task of inserting the air blow 
nozzle 1 into the machined hole 4 is easily performed. 

10 In this state, as is shown in FIG 1, air is supplied from the air supply source 12 

to the air supply hose 13 and the recovery air supply hose 14. In addition, while the 
vacuum apparatus 15 is being driven, if the solenoid valve 17 is opened and air is blown 
from the air blow nozzle 1 , this air flow is changed into a spiral flow R heading in a 
direction towards the bottom portion 4a of the machined hole 4 by the air blow nozzle 1 . 

1 5 Next, it is blown in a direction towards the bottom portion of the machined hole 4 and 

blows against the bottom portion 4a of the machined hole 4. The air flow then becomes 
a spiral flow R that is blown upwards like a tornado from the bottom portion 4a of the 
machined hole 4 in a direction towards the aperture portion 4b of the machined hole 4. 
Accordingly, as is shown in FIG. 6, residue Z such as chips and cutting water that is 

20 adhered to the inside of the machined hole 4 is lifted up while tracing a spiral trajectory 
due to the spiral flow R that is blown upwards like a tornado from the vicinity of the 
bottom portion 4a of the machined hole 4 in a direction towards the aperture portion 4b 
of the machined hole 4, and is removed to the outside through the aperture portion 4b of 
the machined hole 4. 

25 Here, when air is being blown from the air blow nozzle 1 into the machined hole 
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4, by blowing air while intermittently opening and closing the solenoid valve 17 of the 
air supply hose 13 that is connected to the air supply source 12, the chip removal effect 
can be improved even further. 

In contrast, because a negative pressure region is formed inside the ejector 
5 chamber 40 by the air that is supplied from the recovery air supply hose 14 and is blown 
from the toroidal groove 38 and the jet holes 39 of the ejector member 36 that is provided 
in the main block 27 of the air gun 9, the residue Z that has been uplifted by the spiral 
flow R is suctioned by this negative pressure into the ejector chamber 40 and is 
discharged from the discharge hose 16 by the vacuum apparatus 15. 

10 In particular, as is shown in FIG 6, if the machined hole 4 is a female threaded 

hole, then because the spiral flow R turns in the direction in which the thread is loosened, 
the spiral flow R that flows between the interior of the machined hole 4 and the outer 
circumference of the nozzle distal end portion lb flows smoothly towards the aperture 
portion 4b of the machined hole 4 in a regulated state while being guided by the grooves 

1 5 of the thread. Accordingly, chips and the like remaining in residue do not get caught on 
the thread ridges as is the case when air that is blown from the nozzle distal end portion 
flows directly towards the aperture portion of a female threaded hole as in the 
conventional structure, which is shown in FIG. 7, and the residue Z is uplifted efficiently 
with little loss together with the spiral flow R along the thread grooves and is removed. 

20 In addition, once the residue Z has been removed, the same operation is repeated 

by inserting the air blow nozzle 1 in the next machined hole 4. 

According to the present invention, because the residue Z that is adhered to the 
interior of a machined hole 4 in a work piece 3 is uplifted while tracking a spiral 
trajectory by the spiral flow R that is blown up like a tornado from the vicinity of the 

25 bottom portion 4a of the machined hole 4 along a space between the nozzle distal end 
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portion lb and the machined hole 4 towards the aperture portion 4b of the machined hole 
4, and is removed through the aperture portion 4b of the machined hole 4 to the outside 
by the discharge hose 16, even if the flow rate of the air that is flowing through the 
interior of the air supply hose 13 is not particularly fast, the residue Z is not pushed 

5 against the bottom portion 4a of the machined hole 4. Accordingly, the effect is 
obtained that the residue Z can be smoothly removed both reliably and easily. 

Accordingly, because the residue Z can be reliably removed in a single operation, 
the task of confirmation is not required, the task of inspection can be omitted, and the 
number of operational steps can be decreased. 

1 o Moreover, because the spiral flow creating portion 60 has a plurality of guide 

pieces 61 that are formed on the nozzle distal end portion lb and are twisted into screw 
shapes, the discharged air is turned by the respective guide pieces 61 and it is possible to 
reliably create the spiral flow R. Accordingly, the effect is obtained that a highly 
reliable spiral flow creating section 60 can be formed using a simple structure. 

15 Note that, in the present invention, the number of notch portions 62 in the nozzle 

distal end portion lb, namely, the number of guide pieces 61 is not limited to three. In 
addition, the guide pieces 61 are formed by forming the notch portions 62 in the nozzle 
distal end portion lb, however, it is also possible to construct a spiral flow creating 
portion by inserting and attaching separate screw pieces in the nozzle distal end portion 

20 lb. 



